(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(43) Date of publication: 

19.09.2001 Bulletin 2001/38. 

(21) Application number: 01200759.7 

(22) Date of filing: 01 .03.2001 



(11) EP1 134 042A1 

EUROPEAN PATENT APPLICATION 

(51) lntCl7: B09C1/00 



(84) Designated Contracting States: 


(72) Inventor: Plum, Martin Willem Jozef 


AT BE CH CY DE DK ES Fl FR GB GR IE IT Li LU 


. 6374 KD Landgraaf (NL) 


MC NLPTSETR 


Designated Extension States: 


(74) Representative: Krijgsman, Willem et al 


AL LT LV IVIK RO si 


DSiVI Patents & Trademarlcs 




Office Geleen 


(30) Priority: 07.03.2000 NL 1014573 


P.O. Box 9 




6160 MA Geleen (NL) 


(71) Applicant: DSM N.V. 




6411 TEHeerlen (NL) 





(54) Process for the removal of pollutants f ronn the soil 



(57) The invention relates to a process for removing 
pollutants from soil with the aid of a stripping gas which 
involves 

(a) Injectlngthe stripping gas Into the soli atthe level 
of and/or under the pollutant 



(b) volatilizing the pollutant with the stripping gas, 
so that it rises to the ground level above the pollut- 
ant, , 

(c) collecting andfurthertreatmentof thevolatilized 
pollutant, a pneumatic screen being provided in the 
soil along the circumference of the polluted area. 
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Description 

[0001] The invention relates to a process for the re- 
moval of pollutants from the soil with the aid of a strip- 
ping gas which Involves 

(a) injectingthe stripping gas Into the soil at the level 
of and/or under the pollutant, 

(b) volatilizing the pollutant with the stripping gas, 
so that it rises to ground level above the pollutant, 

(c) collecting and further treatment of the volatilized 
pollutant. 

[0002] Such a process is known from EP-A-429.137. 
[0003] This publication describes a process for the re- 
moval of volatile pollutants from the soil by injecting air 
into the soil at the location of the pollutant. The injected 
air rises through the soil up to ground level and on its 
way up entrains the pollutants. In the known process the 
soil layer bounding the surface consists of biologically 
active material In which the pollutants are collected on 
their way up and degraded in situ. 
[0004] A problem encountered in this method is that 
the injected air with the volatilized pollutant does not on- 
ly move vertically but there is also a certain lateral com- 
ponent in its movement. As a result, part of the pollutant 
will be able to reach the ground level outside the biolog- 
ically active layer and will thus be emitted to the ambient 
air without being degraded in said layer. To prevent this, 
the patent application referred to mentions the possibil- 
ity of, for example, digging an infiltration trench around 
the polluted area or applying air-tight covers at ground 
level. It is also possible to install sheet piling around the 
place to be cleaned. Such a trench must be made 
around the entire circumference of the polluted area and 
will thus have a relatively large length. The same holds 
for the area of an air-tight layer to be applied. These 
measures are costly, hinder the work of third parties on 
the spot, such as for example production activities, and 
must furthemnore be undone at a later stage, which 
again entails activities and other costs. 
[0005] The same problem Is encountered in another 
known process, in which the pollutants rising upward 
with the injected air are not degraded in a bioactive up- 
per layer but are collected above the ground, for exam- 
ple under a screen, and conveyed to a facility for, for 
example, Incineration or conversion into hamniess sub- 
stances in another manner 

[0006] The aim of the invention is to provide a process 
that prevents, in an economically more attractive way, 
the diffusion of the pollutant by the injected air flow to 
outside the area where the pollutants can be collected. 
[0007] This aim is achieved according to the invention 
in that a pneumatic screen is installed in the soil outside 
the circumference of the polluted area. 
[0008] A pneumatic screen is here understood to be 
a gas flow rising from a certain depth below ground level 
that extends continuously around the polluted area. It 



has been found that it is impossible or virtually impossi- 
ble for laterally moving pollutants to pass through such 
a pneumatic screen and that they are removed to 
ground level within the area surrounded by the pneu- 

5 matic screen. 

[0009] In the above-mentioned EP application a ref- 
erence is incidentally made to the possibility of also in- 
jecting stripping gas beside the pollutant but the possi- 
bility of doing this in the fomn of a pneumatic screen and 

10 as an alternative to the digging of a trench or the appli- 
cation of air-tight material to prevent diffusion of the pol- 
lutant is not divulged therein, nor can it be derived.there- 
from. 

[0010] A further advantage of the process according 

15 to the invention is that it can also be used when the pol- 
lutant is wholly or partially situated under a layer that is 
Impermeable to the volatilized pollutants, for example a 
concrete or asphalt floor, as often found in a plant or 
other production environment or around storage tanks. 

20 In that case the pneumatic screen is installed outside 
the hon-permeabie part and then also encloses a per- 
meable area where volatilized pollutants can reach 
ground level. By controlling thef low rate and/orthe pres- 
sure of the injected gas flow along the pneumatic screen 

25 the pollutant can be driven In a desired direction , in par- 
ticular in the direction of the permeable part of the area 
that is surrounded by the pneumatic screen. The strip- 
ping gas; which entrains the volatilized pollutant, can 
there reach ground level and, as the occasion arises, 

30 be treated by a bioactive layer present or applied there. 
If a bioactive layer is applied its thickness Is preferably 
largest in the non-covered part that is closest to the area 
of the gas-impenneable layer. This has a favourable In- 
fluence on the permeability of the soil there, which has 

35 a favourable influence on the gas flow In the soil in the 
direction of the bioactive layer. Further horizontal diffu- 
sion is prevented by the part of the pneumatic screen 
that sun-ounds the non-covered area. The presence of 
a pneumatic screen in the process according to the in- 

40 vention thus not only makes it possible to keep the pol- 
lutant localized within a chosen area but also to influ- 
ence the place where the volatilized impurity reaches 
the surface. The distribution of the gas outflow over the 
screen is then set so that a resulting gas flow is set in a 

45 desired direction in the soil. 

[0011] In the process according to the invention air 
can be used as stripping gas, if desired enriched with 
oxidizing components such as ozone or with other gas- 
eous components. It is also possible to use nitrogen if it 

50 is desirable to work u nder anaerobic conditio ns . The gas 
used for the air screen, hereafter refen'ed to as screen- 
ing gas, can be the same gas as that used for the strip- 
ping gas. For price considerations air is generally the 
most attractive choice as screening gas. 

55 [0012] As in the process known from EP-A-429.137, 
in the process according to the invention use is made of 
one or more hollow pipes to inject a pressurized strip- 
ping gas, preferably air, under the pollutant. The pipes 
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are distributed over the area to be cleaned as uniformly 
as possible, preferably in a regular pattern of preferably 
equilateral triangles because it has been found that this 
gives the most unlfomn cleanirig. The position of the out- 
let of the pipes Is chosen so that the largest possible 
part of the stripping gas passes through the polluted soil 
to ground level. The outlet is situated in or, for at least 
a number of the pipes, under the pollutant. When the 
stripping gas flows through the polluted soil, the pollut- 
ant volatilizes upon which it Is entrained to ground level. 
If the pollutant consists of volatile substances with a suf- 
ficiently high vapour pressure (for example acrylonltrile, 
benzene, toluene, xylene, acetone, styrene. phenol, 
perchloroethylene or trichloroethyelene), this volatiliza- 
tion takes place through evaporation. The pollutant is 
entrained in vapour fomi with the stripping gas passing 
through. Pollutants can also be volatilized by reaction 
with a stripping gas component, for example by an oxi- 
dizing agent such as a stripping gas enriched with ozone 
obtained by ozonizatlon of air. The resulting reaction 
products volatilize while passing through the soil with 
the stripping gas and Hseto ground level. Without further 
measures uncontrolled escape of the volatilized pollut- 
ant would take place at ground level and the pollutant 
would enter the atmosphere. To prevent this, the vola- 
tilized pollutant is collected above ground level for fur- 
ther processing or is passed, before escaping, through 
a biologically active layer in which the volatilized pollut- 
ant is wholly or partially degraded. The biologically ac- 
tive layer extends at least over the area where the pol- 
lutant will reach the surface and preferably over some 
distance outside it. In principle use can be made of the 
biological activity of the soil layer above the pollutant. 
Generally, however, it is necessary to upgrade the soil 
using additives so as to obtain a preconditioned biolog- 
ically active layer and to maintain its activity at the re- 
quired level. If upgrading of the soil at or just under 
ground level to obtain a biologically active layer is not 
or scarcely possible, use can be made of a layer of a 
few decimetres of preconditioned bioactive material ap- 
plied at ground level. 

[0013] If no measures are taken to prevent the lateral 
diffusion of the pollutant, the biologically active layer 
must extend over a considerable distance outside it, 
which Is costly and leads to a considerable enlargement 
of the area to be treated. With the process according to 
the invention this area can practically be limited to the 
size of the area to be cleaned because the pneumatic 
screen can be applied practically adjacent to the circum- 
ference of the area to be cleaned. The stated advantag- 
es are obtained whilst retaining all the advantages of the 
known processes. After a short time already a high de- 
gree of removal of the pollutant is achieved and a rela- 
tively high differential pressure can be maintained be- 
tween the inflowing and outflowing stripping gas, 
[001 4] Next to the pipes that are installed at the loca- 
tion of the pollutant for the volatilization and entrainment 
of the pollutant a pneumatic screen is installed. For this 



purpose for example a ring-shaped, substantially hori- 
zontal piping system can be installed In the'soii at the 
desired depth. In the pipes outlets have then been pro- 
vided at suitable distances. If pressurized screening gas 

5 is now fed to the system, the air flowing out through the 
openings forms a pneumatic screen. Number and diam- 
eter of the pipes, both those for the stripping gas and 
those for the pneumatic screen, and the size of the out- 
lets therein, are chosen so that the desired quantity of 

10 gas with the desired pressure can be fed into the soil. 
[001 5] To avoid excavation work, also pipes of a suit- 
able length and provided with outlets along at least a 
part of their length at such a mutual distance from each 
otherthat they partially overiap each other can be driven 

15 Into the soil at a certain angle, for example between 1 0** 
and. 75*^, parallel or diagonally crossing each other. If 
pressurized screening gas is fed to these pipes, it will 
escape through the outlets and thus fomn a pneumatic 
screen. 

20 [0016] In a preferred embodiment of the process ac- 
cording to the invention a series of pipes, for example 
' of the same type as are used at the location of the pol- 
lutant, are provided vertically around the area to be 
cleaned with a deviation of at most 1 0*, thus fomning a 
25 pneumatic screen, for example fitting In the pattern In 
which the pipes are installed at the location of the pol- 
lutant. To this end the pipes are installed in the soil in 
such a way that the outlets for the screening gas are 
located at a depth that is preferably at, or more prefer- 
30 ably under, the level of the pollutant. Taking into account 
the pemieabillty of the soil, the feasible flow rate and 
the feasible pressure, the distance between them is cho- 
sen so that the screen, due to the pattern of gas flow 
through the soil maintained by it, forces volatilized pol- 

35 lutants, which would tend to move in the direction of the 
screen, to move away from the screen and to the sur- 
face. In practice, suitable distances between the pipes 
are between 2 and 15 metres, and preferably they are 
between 4 and 10 metres. By canying out measure- 

40 ments above the soil outside the pneumatic screen it is 
easy to establish whether pollutants reach the surface 
there. If this is found to take place, suitable measures 
can be taken, for example providing extra pipes or.out- 
lets between those already present for the fonnation of 

45 the screen or Increasing the gas flow. The outflow ve- 
locity of the injected gas, measured at the surface, is as 
rule between 0.01 and 5 m/h, preferably between 0.03 
and 2 m/h. The outflow velocity can simply be deter- 
mined by collecting the quantity of outflowing gas over 

50 a certain area [m^] during a certain time [m^/h]. The dis- 
tance from the pipes with which the pneumatic screen 
is fonned to the boundary of the area to be cleaned can 
be 0.1 metre to a few metres, for example up to 1 0 me- 
tres. Preferably the pipes are placed within the area 

55 where the pollutants moving to the surface are collected 
or within the boundary of the area where the degrading 
bioactive layer is present, more preferably at least 0.5 
metres inside it. 
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[0017] The velocity at which the gas is Injected Into 
the screen is so chosen, taking into account the distance 
and position of the pipes in the screen relative to the 
pipes within the pollutant, that on the side of the screen 
facing the pollutant the resulting gas flow is directed 
away from the screen to the location of the pollutant, 
[0018] In the process according to the Invention the 
diffusion of pollutants into the environment is prevented 
by merely extending the number of pipes with which gas 
is Injected. This Is considerably less drastic than digging 
trenches or the application of covering materials. Fur- 
thermore, removal of the extra pipes is cheaper and sim- 
pler than removing coverings and filling in trenches. 
Moreover, removal of the pipes immediately restores the 
landscape to its fomfier condition. The pipes can also be 
sawn off at some depth under ground level and further 
be filled with, for example, bentonlte to avoid possible 
inflow of unwanted substances from ground level to 
deep in the subsoil. In that case, too, the presence of 
the pipes is no longer visible on the surface. 
[001 9] The degradation can take place under aerobic 
conditions, for example in the case of acrylonitrlle, ben* 
zene or toluene as pollutant. Anaerobic decomposition 
Is also possible and is of advantage in the case of pol- 
lutants such as perchloroethylene and trichloroethye- 
lene. In that case nitrogen can for example be injected 
as stripping gas. 

[0020] The process according to the invention can be 
used when removing pollutants from dry soil situated 
above the groundwater level as well as wet soil situated 
wholly or partially below groundwater level, in a wet soil 
lateral diffusion of the pollutant also occurs due to cur- 
rents in the ground water. In that case, too, the pneu- 
matic screen that is used in the process according to the 
invention is found to form an effective barrier against un- 
derground expansion of the polluted spot and in partic- 
ular against diffusion of the pollutant outside the area 
above which the biologically active layer or the cover is 
situated. 

[0021] The process according to the invention can be 
used advantageously also where the current of the 
groundwater has already transported the pollutant to 
such a distance from the place of the original pollution, 
hereinafter also referred to as source, that volatilization 
over the entire area is no longer economically or prac- 
tically feasible. The diffusion by the ground water as a 
rule has the shape of a plume, which is understood to 
be diffusion mainly in one direction that widens to some 
extent downstream as the distance from the source in- 
creases. The concentration of the pollutants In the 
plume as a rule decreases with the distance to the 
source of the pollutants. From a certain point of the 
plume the concentration will usually be so low as to be 
acceptable and removal is no longer legally required or 
othenAfise useful or necessary. 
[0022] If now, optionally in combination with the re- 
moval of the source of the pollution as described above, 
one or more pipes are introduced in the soil at the point 



in the plume where the concentration is acceptably low, 
and a stripping gas is injected through these, the pollut- 
ant will there be entrained to the surface as described 
.above. There, the volatilized pollutant can then be col- 

5 lected and processed. At the location of the end of the 
plume the soil Is preferably replaced to a certain depth 
by a layer of bioactive material. The thickness of this 
layer can amount to some metres but preferably ends 
above the pollutant. A layer of at least 2 and even 3 me- 

10 tres is prefen-ed because the presence of such a bioac- 
tive layer causes the local resistance to air flows to be 
lower than that of the surrounding soil. As a conse- 
quence a flow pattern will be fomned that preferentially 
conveys the rising injected stripping gas and the en- 

15 trained pollutants through the bioactive layer. In the 
above-described positions around the area of the bio- 
active layer a pneumatic screen is now installed. The 
outlets of the pipes of the pneumatic screen that are 
placed upstream, seen in the direction of extension of 

20 the plume, are located above the pollutant. Thus the pol- 
lutant can pass underthe pneumatic screen through this 
upstream part of the pneumatic screen and so reach the 
area where the injected stripping gas can volatilize it and 
convey it to and through the bioactive layer. The part of 

25 the pipes that fornn the pneumatic screen, which Is In- 
stalled downstream seen In the direction of extension of 
the plume, is placed outside the place to be cleaned, 
with their outlets at the same depth as the injection pipes 
or at a small distance, for example 0.1 x the distance to 

30 the closest Injection pipe, above it or under it. 

[0023] In the course of time the pollutants present in 
the total plume will be transported by the groundwater 
flow to the area where stripping gas is injected and 
there, protected by the pneumatic screen againstfurther 

35 diffusion outside the area where they can be collected, 
be eliminated in the bioactive layer situated above it. As 
a consequence, there is no need for local cleaning of 
the entire area of the plume but use is made of the ob- 
servation that the pollutant moves in a predictable dlrec- 

40 tion. 

[0024] To accelerate the removal of the pollutants in 
a plume tt Is advantageous to create more cleaning 
sites, which are understood to mean combinations of in- 
jection pipes for stripping gas with a pneumatic screen 

^5 and a bioactive layer as described above, in the area 
over which the plume extends. If for example a second 
cleaning site is installed halfway between the source 
and the end of the plume, the pollutant from the section 
of the plume that is closest to the source of the pollutant 

50 Is collected at that second cleaning site and the pollutant 
from the section of the plume between the second clean- 
ing site and the end of the plume at the cleaning site at 
the end of the plume. Thus the cleaning time for the 
whole plume is shortened considerably because the 

55 second cleaning site divides the plume into two parts 
that are degraded simultaneously. Depending on the 
length of the plume and the desired cleaning time sev- 
eral cleaning sites can be constructed. 
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[0025] In dry soil use can be made of a dry stripping 
gas. As a result of the Introduction of dry stripping gas 
the soil will dry out and its porosity will increase so that 
the resistance against the stripping gas flowing through 
it decreases. The drying-out of the soil will also reduce 
the quantity of pollutants that can be retained by the soil 
and will promote evaporation. 
[0026] It is also possible to heat the stripping gas. This 
increases the effect of drying of the stripping gas. If the 
pollutant is locally converted into volatile components, 
for example with an oxidizing agent, heating of the strip- 
ping gas also effects a higher conversion rate and thus 
a shorter clean-up time. By heating the stripping gas an 
optimum climate can be obtained in the biologically ac- 
tive layer also in cold weather conditions. When a dry 
and/or heated stripping gas is introduced, however, 
more attention is necessary for keeping the biologically 
active layer in the required condition. It is, for example, 
possible to keep the temperature In the biologically ac- 
tive layer at the required level with heated stripping gas 
and to water the biological active layer as required to 
keep the humidity at the required level. 
[0027] The process according to the invention is ex- 
plained on the basis of the following drawings figures, 
without however being limited thereto. 
[0028] In the drawings figure 1 is a cross section of a 
place where a pollutant is present In the soil; 

. Figure 2 Is a top view of such a place; 
Figure 3 is a top view of a place where an under- 
ground pollutant is present and where a part of the 
ground level is impemrieable to volatilized pollut- 
ants; and 

Figure 4 is a cross section of an area where a pol- 
' lutant is present in the soil of which a part has been 
entrained by the groundwater over a certain dis- 
tance. 

[0029] In Fig. 1 is an underground pollutant. With the 
aid of pipes 3 a stripping gas Is injected into the soil un- 
der the pollutant 1. The stripping gas, in this case air 
and indicated by the open circles 5, rises and entrains 
the volatilized pollutant. The volatilized pollutant, indi- 
cated by the closed circles 7, is subsequently conveyed 
through a biologically active layer 10 bordering the 
ground level 9 and is completely degraded there. To the 
feed line 11 pipes 13 have been connected that are in- 
stalled outside the pollutant in the soil and that form the 
pneumatic screen. The outlets of these pipes lie at the 
same depth as those of the injection pipes 3 
[0030] Figure 2 represents a top view of the polluted 
area. The boundary of an underground pollutant 201 Is 
indicated by a dotted line, that of a bioactive layer 210 
situated above it by an extended line. Within the area of 
the pollutant the open circles indicate the pipes 203 that 
are used to Inject air for the volatilization of the pollut- 
ants. Pipes 213, indicated by closed circles, have been 
installed in a closed loop around the area to be cleaned 



and fomn the pneumatic screen when air is passed 
through these pipes 213. All pipes fomn part of a regular, 
in this case equilateral, pattern of triangles. 
[0031] Fig. 3 is as Fig. 2 except that a part of the un- 

5 derground pollutant 301 is situated under a layer 315 
that is not permeable to the volatilized pollutants. Pipes 
313 and 317 have been installed around the area to be 
cleaned. Through pipes 31 7, indicated by closed circles 
with an open centre, air is introduced into the soil under 

10 a higher pressure and at a higher flow rate than through 
pipes 313, indicated by closed circles. As a conse- 
quence, in the area under the covering layer a resulting 
air flow is fonned in the direction of the area where a 
bioactive layer 310 is present above the pollutant. 

15 Through pipes 303, indicated by open circles, air is in- 
jected underthe pollutant. To eliminate any traces of pol- 
lutant escaping along the side of the impenetrable layer 
facing away from the pollutant, the layer of bioactive ma- 
terial also extends along that side. 

20 [0032] In Fig. 4 401 is underground pollutant from 
which the groundwater, which moves in the direction of 
the arrow 41 9, has entrained a quantity of pollutant that 
fomns a plume 421 . In the vicinity of the end 423 of the 
plume a pipe 403 has been installed to volatilize the pol- 

25 lutant and entrain it to the ground level 409. The volatil- 
ized pollutants are collected in a locally provided layer 
of bioactive material, which is thick in comparison with 
the situation in the preceding figures, and are degraded 
therein. Pipe 425 has been installed upstream of pipe 

30 403 and fomris part of the pneumatic screen. Its outlet 
ends above the plume 421 so that the groundwater con- 
taining entrained pollutants can pass through the pneu- 
matic screen and can reach the area aerated by pipe 
403. The downstream pipe 427 also forms part of the 

35 pneumatic screen and ends above the plume. The end 
section 425 of the plume, where the pollutant concen- 
tration has an acceptably low level, will be further en- 
trained by the groundwater and be diluted further in the 
process. 

40 

Claims 

1 . The invention relates to a process for renrioying pol- 
45 lutants from soil with the aid of a stripping gas which 
involves 

(a) Injecting the stripping gas Into the soil at the 
level of and/or underthe pollutant, 
50 (b) volatilizing the pollutant with the stripping 

gas, so that it rises to the ground level above 
the pollutant, 

(c) collecting and further treatment of the vola- 
tilized pollutant. 

55 

characterized In that a pneumatic screen is 
provided in the soil 

along the circumference of the polluted area. 
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Process according to claim 1 , characterized in 
that the pneumatic screen is fonned by injecting a 
screening gas into the soil with the aid of substan- 
tially vertical pipes that have been installed in a 
closed loop around the circumference of the pollut- 5 
ed area. 

Process according to claim 1 or 2, characterized 
In that the distribution of the outflow of the screen- 
ing gas over the screen is set so that a resulting gas io 
flow is set in a desired direction in the soil. 
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